Introduction
In medical imaging systems, noise can be classified as additive or multiplicative [I] . Noise reduction in ine<!ical unaging applications is very impottanf a 3 various types of noises generated by medical imaging equipment, conseque~ltly, limit the effectiveness of medical image diagnosis [2] .
The contributions of transform domains in various applications including image denoising, enhancement and con~pression are undebatable facts. As an example, the wavelet transform has been extensively used as a solution to the of the short time Fourier transform (STFT) and excels in isolation discontuiuities and spikes [3] . I-Iowever, the wavelet suffers from flexible directionality, as it does not isolate the smoothness along edges. This demerit of the wavelet is well addressed by the ridgelet and culvelet transforms, as they extend the functionality of the wavelets to higher dimensional singularities, and it is proven as an effective tool to perform sparse directional analysis [3] . The basic building block of these transforms is the tinite Radon hanrform (FRAT).
Since medical images contain severdl objects and curves, doubtless, the curvelet and ridgelet with their main bnilding block FRAT play a major role in better image analysis. By omoading the intensive processing procedures of these transforms into a proper liard\%arc platform, coniputational acceleration cari be achieved, and at the same time the outconles quality can be maintained.
The FRAT 'algorithm is stringent, as it is inherently serial, iterative and has a long latency. To overcome these boundaries, there is a real need for hardware implementation and acceleration of FRAT especially for medical imaging applications. Existing lilnited hardware implementation of the FRAT in medical imaging applications opens a huge gap to be filled [3-71. This paper presents the design and imnplementation of FRAT on reconfig~~rable hardwarc using a field programmable gatc array (FPCiA) for medical image de~~oising using the Xilinx DSP tool. Two design strategies have been proposed: direct in~plementation of pseudo-code with a sequential or pipelincd description and block random access memory @RAM)-based method. Analysis for both software simulation and hardware impleme~~tation with different medical image modalities has been carried out and discussed. An evaluation of FRAT'S capability on medical imagc denoising is also addressed.
The organisation of this paper is as follows. The related work is presented in Section 2. An overview of the algorithms used is presented in Section 3. Section 4 explains the proposed system implementation in two aspects: denoising system and architectures. Experimental resuults analysis of medical unage denoising, using sofhvare simulations and hardware implementations are explained in Section 5. Finally, a summary is give11 in Section 6 .
I. I Related work
Sevelal existing hardware implementations of FRAT are discosued in this section. In The results achieved for hardware implementation demonstlate various trade-offs with sec]uential and pipelined descriptions yeldiig better achievement for maximum frequency ( F ) and throughput (T), respectivclp. Moreover, the URAM-based mcthod 2tlm reveals less area (A) occupied and better maximum frequency. To visualise the design and imnplemenrdtion of the FRAT, Fig. 7 illustrates thc chip layout for sequential implementation on XCSVLXIIO T FPGA device. Fig. 8 t a y~~n p t u m~-t~~e~ footprints of 'radon', 'denoise' and 'iradon' sub-modules, depicted separately on the right side. A detailed comparison for both hardwarc implementation and software simulation with test medical images has been canied out. As shown in Table 7 , soflurare simulation achieved better PSNR ovor hardware implementation with the percentage difference being 12.92, 21.47 and 33.09% Carp = 7, 17 and 31, respectively. This is due to the use of 
